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Abstract - High resistivity magnetic films, 
such as reactive sputtered Fe-Hf-0 and 
Co-Fe-Hf-0, were applied to multilayered micro 
reactors for high frequency operation dc-dc 
converters. For a comparison, an amorphous 
Co-Ta-Hf film with good soft magnetic 
properties was also investigated. The micro 
reactor had the highest quality factor(the lowest 
loss) when using Cc-Fe-Hf-0 film with the 
highest resistivity. In SMHz operation of dc-dc 
converters using these micro reactors, the 
ncy was obtained when 
~ . ~ ~ 0 D ~ ~ ~ ~  
Recently, the miniaturization of cellular 
phones and personal computers has been in 
e key t e c ~ ~ o ~ ~ ~ ~ e s  for 
n is the down-sizing of magnetic 
verters using thin 
s in the eddy current loss in the 
high ~ e ~ u e ~ c y  range are now required for further 
( f, Zr, rare earth)[4][5] and 
f-0161 soft magnetic films exhibit high 
resistivity as well as high saturation 
constant up to 1 
described. 
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Table1 Properties of Fe-Hf-Q, CO-Fe-Hf-0, and Go-Ta-Hf 
films. 
Ar tQ2,4kA/m 
16OWm 
PROCEDURE 
-Fe-Hf-Q f ibs  with 
deposited on a glass 
sputtering under Arc0 2 
order to induce uniaxial 
film was annealed in 
c field of 16OWm, 
and a temperature of 573K for a time of 3600s in 
vacuum. Uniaxi 
resence of the 
operties of Fe-WE-0 
e l(a) and (b) are the schematic views of 
the micro reactor used in experiments. The 
planar coil had a multi-meander pattern, 
consisted of 3 5 ~  Ern wide 
copper conductor lines, which were defined by 
p h o ~ o ~ t h o ~ a p y  and wet etching. The planar coil 
backed with 50 ,urn thick polyimide film was 
sandwiched by two magnetic films with an upper 
50 ,urn thick polyimide layer. The hard 
magnetization axis of the magnetic film was 
directed to the ” H.A.” shown in Figure 1, 
ar coil and cross-sectional strueture of 
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Coil Insulator H.A. 
(a)Planar coil (b)Cross-section 
Figure 1 Schematic view of multilayered micro reactor. 
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(b)Boost converter 
Figure 2 Circuit diagrams of converters used in experiments. 
whereby the magnetization reversal was mainly 
dominated by the rotation magnetization process. 
C. DC-DC Converters 
A buck converter and a boost converter were 
used in experiments, in order to investigate the 
difference between the three types of magnetic 
films shown in Table 1. 
Figure 2(a) and (b) are the circuit diagrams of 
the buck and boost converters using the micro 
reactor. A high speed MOS-FET was used as a 
main switch, a low forward drop Schottky barrier 
diode being used as a rectifier. Multilayered 
ceramic capacitors were used as input and output 
capacitances. By using an external pulse 
generator, the gate voltage was applied to the 
gate of the MOS-FET. 
These converters were operated at a 5MHz 
switching frequency. 
3.RESULTS AND DISCUSSION 
A. Magnetic Films 
The frequency dependences of the real part of 
relative permeability ,U' and loss factor tan 6 in 
the thee types of magnetic films are shown in 
Figure 3. These data were measured for the hard 
magnetization axis. The cut-off frequencies of 
the permeabilities were about 9OMHz in Co-Ta- 
Hf alloy film, 1 5 0 m  in Fe-Hf-0 film and 
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Figure 3 Frequency dependences of permeability and loss factor 
over SOOMHz in CO-Fe-Hf-0 film, respectively. 
The loss factors at 1OOMHz were 0.61 in 
CO-Ta-Hf alloy film, 0.38 in Fe-Hf-0 film 
and 0.07 in CO-Fe-Hf-0 film, respectively. 
The CO-Fe-Hf-0 film had good performance 
in the frequency response, which was due to two 
reasons; its high resistivity of 1700,~ Qcm and 
its large product of 4zMs and Hk (the product 
value relates the ferromagnetic resonance 
frequency). 
in Fe-Hf-0, Co-Fe-Hf-0, and CO-Ta-Hf films. 
B. Multilayered micro reactor 
The inductances and quality factors of micro 
reactors using the three types of magnetic films 
are shown in Figure 4(a) and (b). 
Inductances at 1MHz were 0.6-0.7pH, and these 
were nealy constant up to S O M H z ,  except for 
CO-Ta-Hf film. Though the cut-off frequencyof p ' 
was about 9OMHZ in CO-Ta-Hf film,the inductance 
gradually decreased in the MHz band. This is 
mainly due to its low electricalresistivity. 
The eddy currents in the upper and lower 
magnetic layers of the micro reactor are not only 
due to the in-plane flux component, but also due 
to the perpendicular flux component[3]. In 
particular, the latter component generates larger 
in-plane eddy current than that caused by the 
former component. Therefore, in order to reduce 
the excess eddy current, the following two points 
are important; a high electrical resistivity and 
an in-plane division of the magnetic layer (to 
cut-off in-plane eddy current path[3]). In 
Figure 4, the maximum quality factors in the two 
high resistivity magnetic film reactors exceeded 
10. In particular, the maximum value in the 
micro reactor using CO-Fe-Hf-0 film was up 
to 17.5 at lOMHz, which value was much higher 
than those of conventional, inner coil type, 
micro magnetic devices. 
C .  DC-DC Converters 
Figure 5 shows the load current versus 
efficiency curves for a buck converter under 8V 
input and 3V output conditions, using the three 
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Figure 4 Frequncy dependences of micro reactors using various 
magnetic films. 
types of micro reactors. 
6 shows the corresponding data for a 
b nverter with 3V input and 8V output. 
In the buck converter inve~t~gation, the 
conversion efficiencies sing high resistive 
films were about 5% than those of the 
converter using the CO film reactor. Also, 
in the boost 
Hf-Ta case. 
Table 2 shows the power losses of the three 
cro reactors in the buck Gonverter and 
boost converter. Sinee the micro reactors 
were operated as the choke coil in each 
converter, the values in Table 2 had two 
the ac and the dc losses. The 
0 film reactor had the smallest 
which was due to the very small ac 
current loss. loss, i.e., very sm 
4.CO 
resistivity soft m reactor with high 
o :CoHffa 
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Figure 5 Load current versus efficiency curves in buck 
converters using various micro reactors. 
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Figure 6 Load current versus efficiency curves in boost 
converters using various micro reactors. 
Table2 Power Iosses in the three types of micro reactors 
in the converter operations. 
71mW 
47mw I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Boost converter 
Buck converter; 8V input, 3V output. 
Boost converter; 3V input, 8V output. 
NCES 
[l]K.Yamasawa, KMaruyama, 1.Hirohama and P.P.Biringer, 
[‘Z]M.Mino, KTsukamoto, K.Yanagisawa, A.Tago and T.Yachi, 
IEEE Trans. Magn., w01.26,pp.1204-1209,1990. 
Proceedings of Applied Power Electronics Conference,pp.422- 
426,1996. 
M.Nameki, N.Saito and T.Mizoguchi, Proceedings of the 18th 
International Telecommunications Energy Conference, pp.485- 
490,1996. 
[J]T.Sato, TJnoue, H.Tomita, S.Yatabe,K.Nisb;j;ma, Y .Tokai, 
[4]A.Makino and Y .Hayakawa, Material Science and Engineering, 
[5]Y .Hayakawa and A.Makino, Nanostructured Materials, vo1.6, 
[6]Y .Hayakawa, K.Ohminato, N.Hasegawa and A.Makino, 
A181/A182,pp.1020-1024,1994. 
pp.989-992,1995. 
Proceedings of the 7th international eonferene on Ferrites, 
1996, in press. 
H.Matsuki, KFujimori and T.Masumoto, Journal of the 
Mametics Societv of Jauan. ~01.17. No.2. uu.497-502.1993. 
[7]T.Kimura, M.Mitera, M.Terasaka, M.Nose , F.Matsumoto, 
Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on March 09,2010 at 01:23:14 EST from IEEE Xplore.  Restrictions apply. 
